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iirm^       ION 

Tills  F«8«ftrota  wtm  ««rp|«4  oat  In  an  attMq»t  to  d«t«r« 
alne  tbo  effeot  of  Vr*9  IIom  on  t)}«  dl»int«gratiOQ  of 
o<mor«t«  mibj«ot«d  to  altem»t«  b«atinK  aai  ooolln^  In  a 
«ntt«r  bath  oontslnlnt  mt«r  relatlTel^r  blgh  In  blearboaatwi* 

Sw  0*  Tiijrl(»*  '    '  of  tb«  Bapartaont  of  Applied  ia^olmiioa 
of  Xmatmrn  Stat*  OolXaga,  In  his  raaaairob  mi  tba  ▼oXoaa 
obaaga  of  oonorata  mibjaatad  to  ths  above  sMmtloned  heating 
aaA  aooliag  test*  tm»  obocrved  %imi  conorate  o^liadara 
piaoad  In  the  bath  b«gln  to  dialntegrata  after  a  oartala 
nariber  of  ojtoImi  depeodlt^  apon  the  oeoant  froa  whloh  tba 
ooaareta  «aa  nade*     The  aatiiod  of  dlelntagratlon  was  yaaa* 
Itarly  Blaillar  to  that  oboepved  la  90wgr9t9  pareawnte  and 
atraetarea  which  are  espoaad  to  aorfacte  wator*     Cheoka  flret 
aypaarad*  and  tliaaa  gradaally  deraloped  Into  oraaiui*     con* 
tinned  treatmmt  aventaally  redaoad  tba  atraagth  of  the 
apaoloMiM  to  oa2jp  a  fraction  of  Ita  original  Talne* 

It  aaa  notlaad  that  aban  the  oraeica  bagMi  to  forci»  a 
rldgo  of  white.  Insoluble  !aatet>lal  appeared  on  theai  ahloh 
aaggeated  the  posalblllty  that  It  nlg^t  baTe  be<m  aqneeaed 

(*)     Jnpabllabed  data  In  the  fllee  of  the  I>eparteMnt 
of  Applied  Mechanlea,  Kaaaaa  State  College. 


from  ttm  Intsrtor  by  •om§  Internal  pr«8««r««    C]i««Ioa1  anal* 
7sl»  slKMitd  tb«  white*  Inaolable  oaterlal  to  be  CaCO^*  sad  a 
ealoslatlon  of  the  obaage  in  Tolutse  of  aafOH)^  golns  to 
CaCOs  allows  tliat  thara  ta  an  Inoraaae  of  alxteaa  aad  ai«iit* 
tantte  par  oant,  ao  that  It  woeld  not  ba  at  all  laqmsalbla 
for  tfaa  praaaara  axartad  ay  the  foradag  of  tiM  ear  bo 
froai  tlie  CaOH}^  of  tlM  oonereta  to  oa«aa  tba  apaoiaaa  to 
oracdc* 

Tlia  bloartOBata  content  of  tba  water  aaad  In  tba  bath 
la  approxLaMtaly  350  parte  par  million*     Tbia  vairiaa  fro» 
flay  to  day«  bat  it  is  relatirely  blgb  at  all  tUMa  ao«  pro* 
Ttdaa  an  axeellent  opportunity  for  the  forBiatl<m  of  CaOt:^  in 
the  apaoiaana* 

BISTORICAI  ASD  7      ICAL 

Ooopoaltlon  of  PortlaaA  Oaaaiit 

Airtlaad  oflamtt  ta  oOMpoaad  of  tbe  following  donsttta* 
aatai  Al^O^,  CaO.  SlOg,  ^•qO^^   agO.  ana  JsO^.  together  with 
a  aaaU  aamint  of  aaob  laq^aritiaa  aa  £{0,  HajO,  ^Ai^s*  «^o* 
Tbaaa  lopnritiea  rarely  aaroaad  two  par  cent  anA  are  ganaral* 
ly  believed  to  have  no  affect  apon  tbe  propartlee  of  tbe 
oesHint* 

Tba  aaaner  in  wbiob  tba  above  eonatitnenta  ooai^lna  to 


font  MMpOBais  to«  b««a  staftled  by  sivcral  InvMtlgatord* 
Bogn*  (X)  tmm  perhaps  Aon«  tlio  fintst  work  la  thle  field* 
Ho  bM  foaaa  ttet  tb«  aata  ocKspoands  of  Portland  oMMiit  urmt 
4Ca0«Alg0g»F«2O3,  SCaO^SlOg,  gCaO'SlOg.  SCaO'AXgOg,  OiP, 
CftS04,  and  a  eaall  amount  of  anooiftliMi  CaO«  Tbara  ara  aleo 
czuKsn  to  ba  aaall  aaounts  of  eareral  othar  '*fr«ak'*  ooapoands 
«bl«li  i^M^rently  occur  only  vn^tn  tba  oondltloos  ara  Juat 
rtsbt* 

Tha  Orlninatlon  of  tha  frae  Ilata 

With  tba  ooapoanda  of  Portland  caaant  definitely  knoffii^ 
tnraatlgatlona  banre  tamad  temurA   tba  reaotloas  wnich  ocuur 
vbao  Portland  oenant  la  »tsad  wltb  water*  Aowa  «l»  b«va 
WMrtcad  on  thle  pl»8a  ara  In  agraaiMat  tbat  when  tba  oos* 
po«iid«  of  Portland  o«Mnt  ara  nixad  wltb  water  thay  bsrdro* 
l7ta»  goln^  to  lass  baale  aoaymade*  and  at  tbe  aasa  tlaa 
liberating  CaCOH)^*  Tbara  la  oonatdarabla  controreray,  bo»» 
arar,  over  tba  extent  to  vbloh  tble  hydrolyale  goaa*  71pp- 
naxm  {3)»  wbo  revreeents  one  extretae,  bellerea  tbat  tba 
bydrolysla  of  %ae   oalolaa  allloatea  la  complete,  and  tbat 
tba  baraanlng  of  Portland  aaaaot  la  dae  to  tba  oryetalllaa* 
tlon  of  tha  liberated  Ca(OH)o  and  tba  alnaltaneoae  debydra* 
tlon  of  tbe  allloa  gel*   o  h^uis   fouriii  that  a(OH)g  does  oot 
fora  eryatala  In  tba  abaanoe  of  CaS04,  und  be  bellarea  tbat 
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^agar  prorente  th«  hardening  of  ir^rtlMii  o«Mat  wattKt  by 
prttTmttag  tbe  forautioa  of  oryatalllao  Cft(OH)g« 

SoTMli  (3)  bM  b««B  BiiabX«  to  dapllMt*  tb*  r«ralt«  of 
TtfpwBB*  «!«  aost  of  tlk«  latter *«  statemmta  w  rofstod* 

■oyiMAgt  (4)  studied  the  liydratlon  of  3CaO*Al905  by  a 
pbotograpbto  aetbod*  He  flade  tbot  In  addition  to  cryetala 
of  0s(0R)2  there  appear  orystala  wiKMie  aoapoaltlon  opproaaiMa 
SCaO^AlgOg* lO^SHgO, 

Colony  and  Saader  (6)  report  that,  when  30aO«3102  la 
«M*A  vith  water  aaA  Ma«e  Into  test  pleoee,  CaCOH)^  Is  lib- 
erated, the  other  prodaot  being  anorpboas  bydratad  oalolna 
sllleate  wboaa  ooiqposltlon  approaobas  CaO*S10g*:^20»  fhm 
•mount  of  oryatalllne  CaCOH)^  «hloh  Is  foraaft  la  d^andant 
apon  tba  aaoBat  of  water  ased  In  aaklnff  tbe  test  pleoea*  fdr 
3CaO*Si02  they  find  tbat  tbe  hydrolysis  takae  plaoe  faach 
aore  rapidly  and  yields  more  Ca(0H)2  tbaa  BCaO-SlOg.  In  the 
end  tbe  silicate  approaobas  tbe  saaa  eoapoeltlon  a»  the  praa- 
not  obtained  by  the  hydrolysis  of  SCaO^siOg.  As  to  strength 
the  SCaO-AlgOs  was  tbe  better  at  the  end  of  olx  montha.  The 
ZOaO'klj^  also  bydrolysed,  giving  CaCOHig  aad  a  less  baslo 
aloalaate*  It  liberates  a  large  aaoant  of  beat  during  the 
proeoss  and  exhibits  what  Is  oalled  a  flaab  set.   t  the  end 
of  six  aontbs  It  had  a  strength  aqaal  to  elgnty-two  per  cent 
of  trl-oaloUm  allloate* 


^ 
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Za  e 

i  aamm 

that  similar  otudy,  Lerch  and  Bo|pie  (6)  pre* 

pared  a  aaabvr 

of  the  coaqxMiiids  whioh  normally  occur  in 

Portland 

cement.   Tbe  hydration  and  hydrolyele  of  these  cojb* 

pounds  were  studied  Individually,  The  reeulte  for  SCaO-SlOg 

and  3CaO* 

SIO2  are  glTcn  In  Table  1,  and  are  baeed  upon  the 

reactions 

3CaO 

•SlOg 

+  xHgO   -»^   3  Ca(0H)2  +  olOg'xHgO 

2JaO 

•SlOg 

+   xHgO   ->   2  CafOHjg  +   JilOo-xH^O 

Table  !• 

Per  cent  Hydrolysis  of  Calciaa  Silicates,  moM. 
.'^eir  Coa^resBlTe  Strongths  at  Varloas  A^ea* 

?^I?   '-I?  HYriOLYSiS  AT  YAHIOUS  AC% 

1  da. 

3  da.  7  da.  28  da.  3  ao.  e  ao.  1  yr.  2  yr. 

C3S 

16.6 

20.8  23.6  24.7   24.8  26.4   26.2  26.3 

°3^P 

.1 

•1    .S    ,8     .8    .6    .9    .9 

Cg^v 

•1 

•1    •]    .1     .1    .6    .6    .6 

TV  :  /T^^roTHS  A7  itr 

1  da. 

3  da«  7  da.  28  da.  2  mo.  6  mo.  1  yr.  2  yr. 

CgS 

1 

1460 

2800  6960  7100   7100  9690  10300  11300 

C3S  +   6>D 

CaS04 

1770 

2780  6830  6760   6330  8700  9800  11300         ^( 

•CgSp 

0 

60   140   910   5160  7660  10260  14360 

°^ll/04*^ 

0 

90   220  1200   3900  7700  9800  12600 

CgSy 

0 

1*    16    40     70   100   130    330 

G2S>-+  6^ 
CaS04 

0 

16    16    40     60   140   190    480         ||| 
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Bojaiui^l  (7)  oonolQdes  froa  hla  rasaits  that  vlion  ;.^ort« 
lauft  o«a«at  !•  treated  vltb  ««tep  the  S^ftO^AlgO^  first 
become  hydrated  to  SCaO'AlgO^-lO.SHgO  and  that  this  reaa* 
tlon  is  the  chief  cans*  of  setting.     If  Ca^O^  Is  prsseat* 
crystals  of  3Ca0«AX203«3CaS04»36«6H20  are  fortaed*     ^CaO-SlOg 
and  aCaO*S10j^  Iqrdrolyte.   «*lTlQg  a  large  amoant  of  frss 
Ca(0H)2  and  aflK>rphon8  colloidal  CaO^i^lOg^eBgO*     flis  tevAsa* 
Ing  of  the  ceaient  Is  due  to  the  Incluelon  of  3CaO«>^2C^*l(X5a|tO^ 
SCaO*Al20^*aCaS04*36«6HgO»  and  CaO'^tOs'SHgO  gel  In  the 
Tolde  between  the  CaCOHjg  orystals* 

As  was  stated  before,   InTestlgators  are  agreed  that 
Free  Lime  Is  liberated  In  all  oaees*     ^st  horn  anob  Is  lib* 
eratsd  by  each  oonstltaent  oaapotind  and  what  part  the  liber- 
ated lima  plays  In  the  sotting  and  hardening  process  are 
still  not  Tery  well  nnderstood* 

Sffeot  of  the  ^>ss  lime  on  the  Plalntsffratlcm 

of  Conorete 

OaCOH)^  bsiog  a  fairly  active  lagredlsnt  of  hydrated 
osBent,  It  seeas  probable  that  It  Is  an  la|K>rtant  faotor  af« 
feotlng  the  dnrablll^* 

Barke  (8)  bcllevee,  as  a  resalt  of  mussroas  ssperlnsntSft 
that  the  dlelntegratlon  of  concrete  test  pleoee  by  the  action 
of  solfate  waters  is  due  to  the  formation  of  Caa04»2K20  froa 


0a(0H)2«  *nA  ^*  MoOKpMarinf  volaat  eteii«««  Sis  osloola* 
tlOM  8bow  that  th«ro  la   no  toIsim  o]mii«0  In  the  Ca(aH)2 
goiag  to  CaCO^  and  tifT^ftsre   thors  could  be  no  deterrent 
effect  charged  to  carbonate  waters* 

T]K>rraldeon  (11 )»  In  a  stady  of  the  aotion  of  ealfataa 
OB  Portland  oe«aitt«  by  Tolase  stability  a«a«Qreaent8«  eon« 
oladea  that  all  oeHMita  higb  in  11^  aai  aontalalng  aorwl 
Mnsata  of  Al£03  have  low  reeletanoe  to  the  action  of  anlfata 
water*  Inereaaing  the  aoioant  of  FegO^  and  decreasing  tbe 
AlgOg  aaka  tka  esMBt  oore  resistant. 

Probstd  and  Sorsoh  Cie)  find  that,  of  spsolasns  Inssrssd 
m  solatlona  of  Caii04,  BagSO^,  (KH^JgSO^,  .^Ig.  and  sagar* 
the  high  sarly  strangth  (high  llmo)  cesents  vsre  the  Isast 
resistant,  and  the  alnialnoas  osnsnts  were  the  aest* 

P»ol  (12)  believes  that  the  laolc  of  durability  of  oon- 
orete  jitarsasats  bas  bsooaa  wnre  pronoaoasd  In  recent  years 
with  the  use  of  hlfrh  llae  coiontc*  v.e  ureeente  erldenoe  to 
show  that  darablllty  le  Inrertjely  proportl-  :.  t  i]:% 
3Ca0«Sl0g  content  of  the  oeasnt  seed*  Re  belleTss  that  the 
problen  of  InoreaBlnc  the  life  of  concrete  roads  oaa  be 
solTed  by  tiic  production  of  low  ll«as  oeasnts  tn  which  the 
3Ca0«si0g  content  Is  less  than  forty  pw*  oant* 

Brady  (9)  reports  that  the  storage  of  oesent  nortare  In 
COg  results  In  a  tsaoh  graater  shrinkage  than  In  air.  It 
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apftwir*  that  COg  r«aots  not  only  r.i.  >    tli«  Ca(OL/£  ^rc»B(»4b, 
tet  also  vlth  the  CaO*stOg*iaigO  gol. 

^•sterbarg  (10)  believes  th^t  the  disintegration  pro- 
A«oc4  by  wcte;-  f>€7coXatlag  t,nr3aga  concrete  1«  dejpenAant  not 
only  on  the  o1i«Bloal  oooiiwsltlon  of  the  watei*.  bat  aleo  on 
the  rate  of  flow,  ^atar  hli?fc  In  RoCO*  haa  a  weer^  dectrno- 
tlTo  actlooi  whiureAs  a  neutral  i/ater,  espoolally  one  ^iiti  a 
hlfrb  line  oontent*  say  aetoally  I  iprore  the  vatertlghtneea 
of  the  concrete. 

Hoecher-Land  (14)  gives  tbo  ab&orptlon  of  CO^  end  the 
foptaatlon  of  oslclte  as  the  oanas  of  ontabllng  or  sanding  of 
alaalnovs  OMMnts* 

Mstkods  of  DeteralBln^  Tree     i 

Saacroos  BMthoAs  have  been  advmnoed  for  determining 
free  CaO  in  ceaente,  bat  of  them  only  about  three  or  foar 
hare  proren  Tery  satisf victory. 

It  1l'  qtzite  gensraXiy  oonoeded  that,   duo  to  the  rela* 
tlTe  ease  »lth  which  the  oomi^oaiiiie  of  i^rtland  ;;;eaeat  hydro* 
lyse,  any  prooesa  for  the  cxtraotlon  of  tha  Use  by  the  ose 
of  aqoooQs  solutlone  will  give  erroneoas  resalta*      "  ereforc, 
all  snch  aethods  will  be  ell-slnated  froia  this  dlsoasslon* 

The  irXyoerol  aethod  of    Viifl.   (15)  ems  first  «»«d  for 
the  deteraloatlon  of  free  Cau  1q  omoA  Itae  brloics  a.i4  lUe 
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wit«]*lal8*     loroh  uaa  Bosa«  (16)  luter  found  that  tb«  a«tliod 
ooald  btt  satlofactoril;  on^;loy«d  for  the  d«tonila»tLoa  of 
frt«  Cii.   ^  .   ti-Q  pr«8«ao«  e'  "-^cIuex  ullloatae  aisd  altualaattia* 

7h*  tuathoU  d^pMide  upon  the  reaetionet 

CaO     +    CgHgCOHi^        -►  C3Hg(0H)0gCa     +     H^O 

C^HgCORlOgCa  +  2  ini^CgHgOg  -^CaCCgE^Ogig   +  2  S^ 

+     \H6(0H)3 

Th«  •alolttta  irl^cerate  solutlo  .  it  baelc  enoaf^  to  tarn 
phenolphthaiela,  and  jaoen  IJH^CgHsOg  le  added,  flJ%  Ib  llber- 
atafl  aqulvalent  to  the  aooaat  of  CaO  in  the  sample,  aiid  the 
solution  tnrnss  colorless. 

The  lime  ie  dlseolTSd  by  a  eolation  of  glycerol  In  ab* 
■olate  aloohol  In  the  ratio  of  one  part  of  glycerol  to  flTe 
of  aloohol,  and  la  then  titrated  by  •  atanflard  eolation  of 
MMcmias  aoetate  la  abuolate  alcohol* 

OaO  le  quite  Ineoluble  In  the  cold  solution  of  alcohol- 
glycerol,  bat  beoooaa  fairly  eolable  in  a  hot  solution, 
neoeealtating  the  ase  of  eose  SMane  of  heating  the  aolatlono, 
Sren  with  heating,  the  solution  of  the  lime  by  the  Glycerol 
Is  qalta  elow,  ao^l  the  deteralnatlr^  -  qalres  Iroa  alx  to 
eiirht  hoars  to  cosplete* 

Leroh  and  3ogae  (17)  in  a  later  vannr  recoaEiend  sereral 
mlr'>"  ':haa||^e  In  the  prooedare  for  the  aei.er3iiaiitiori  of 
anooablned  lime  in  Portland  oevent,  the  principal  oae  being 
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a  9haag9   in  tb«  oonuMtrfttlon  of  tli«  pfaenolphthalein  eola* 
ttoa  B0«4  In  the  tltratloa*  A  ebsairtf  was  also  aade  in  tha 
aacmat  of  alcobol*gljroerol  to  be  ased  por  aateraiaatioiu 

Sodt  (18)  has  Imroattgatad  tba  glyoarol  awanlMi  aoatata 
aattod  for  tba  detarslnation  of  Fpaa  Llfse  In  Dgrdivted  o«aant« 
and  baa  iomoA   tbat  tt  oan  ba  aead  aatlafaotorllj  provided 
the  ooao antra t Ion  of  the  pbaoolphthaloin  solution  la  in- 
oraaaad  ae  lerob  and  Bogae  (17)  bad  alraady  raooHMOdad*  n% 
alao  foond  tbat  aa  onoli  aa  ona  oablo  cantlmatar  of  watar  In 
tba  alaobol*§2jroerol  solatlon  did  not  notioaably  affeot  tba 
titration  In  anjr  ease,  and  tbat  as  bl^  aa  five  cable  oantt- 
■atara  In  thirty  of  aloohol-glyearol  did  not  affaot  the 
titration  on  aoaw  oasaats* 

Brandenburg  (19)  baa  foaad  tbat  tba  addition  of  ona 
graai  of  anbydroas  BaCl2  to  the  aai^la  of  eaaant  after  tba 
alcohol*glyoerol  baa  bean  added  greatly  expaditaa  the  libaf«» 
tion  of  the  line*  Tba  addldon  of  BaClg  waa  foaad  to  ba 
aagatlTe  toward  CaCOs,  KgO,  CaSO^,  and  other  ooapomda  vbiob 
migbt  be  nraeent  In  caaant.  He  reports  tbat  the  tiaa  batassn 
titrations  nej  ba  graatly  ishorteaad  and  that  the  end  point 
is  Miab  nore  easily  read* 

BraadaSbarg  haa  foand  tbat  resalts  obtaiaad  with  tba 
aid  of  aaClg  are  a  trifle  hlrhar  than  tboss  obtained  witboat, 
bat  tbat  the  rasalta  are  ooaaistently  hi^t  and  be  balieYes 


n 

tfcat  t*«  tra«  CaO  Mmt«nt  i»  taw  aoarly  «pproaoh«d  «h«n 
BttCXg  is  B««a  than  bjr  t)i«  ttaiidard  metbod. 

Anotfaer  method  r«oOHMmA«d  for  tfa«  •stLsatton  of  Fro* 
IUm  In  ooQoret«  dapaaaa  upon  tho  da  termination  of  tiM  iMat 
of  liyAration  of  tha  9r««  Lloe  In  a  ealbrlflMitar* 

Bam<qr  (so)  ^v«g  th«  following  prooednre:  Haat  tan 
getum  of  palTerlsed  conorota  at  350*  .:»  for  ona*half  iioar, 
0ool«  and  than  dateraino  the  haat  of  hgrdratlon  In  a  oaXorl- 
satar* 

Eaat  anotbar  tan  gnmm   of  tha  aaaa  oonereto  at  MtO^     . 
for  o&a*balf  hour.  ?hla  daooi^ioaaa  CaCOHlg,  Batarmina  tha 
heat  of  hydration  of  thle  aaaplc-.   >o-a  the  dlfforenoa  of 
tha  t«o  haata  of  hydration  tha  Fraa  Liaa  con  taut  oan  h%  oai» 
CBlataA*  A  oorractlon  factor  nasi  bo  applied  to  tha  raanXtl, 
bat  It  la  oonatant  for  tha  apparatna,  and  very  gooA  Vaaalta 
ara  raportad  to  ba  obtained. 

A  method  of  datonalnlng  Thf99  LisM  teaad  on  tha  aartrae« 
tton  of  the  ItiM  with  a  pbaBol»aloohol  solution  is  daeorlbad 
by  Xonarsavaki  and  Lakaasavlg  (81  J*  Th«y  roco:»and  the  fol* 
lowtnig  prooedarai  Boll  a  one  graa  aaemla  of  aetsent  with  25 
•a.  of  a  mix tare  lil  phmiol  and  abaolate  alcohol  under  a 
reflnx  for  aeveral  hoora*  Filter  off  the  andleaolred  oeaant 
with  a  glaaa  filter^  and  vaah  tha  raeldae  with  abeolate 
aloohol*  Renova  the  aloohol  by   dlatlllatlon,  and  then  add 
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100  oc*  of  dlstillea  wftter  to  tbe  reaUvt  of  tiM  AletllXa* 
tlon*      i^iir  llboratee  th«  Iin«,  and  It  a&n  tb«ii  bt  titrated 
with  standard  1C1«  asiag  motbyl  ox^ange  for  an  lodloator. 

SXPSRIII2IITA1 

Api»ratn« 

7^  Haatlmt  2M  Coollmr  Api>arat«g#  The  watar  bath  aaad 
for  heating  and  cooling  tb«  8p9olit«iia  oo&aiats  of  a  copper 
tank  48  in*  hw  39  la*  and  10  In*  deap*  Tba  tank  le  aquippad 
with  a  aolaaeld  valva  and  a  tl^a  oXook  vhloli  altaraately  ad- 
B^ta  oold  «at«r  and  ataM  diractly  Into  tha  watar  of  tba 
bath*  Approprlaia  bafflaa  ara  providad  to  inaora  proper 
elPOQlattoa* 

Tha  taaparatarc  of  the  bath  varleB  over  the  range  of 
aO°  to  80^  o«,  and  the  rate  of  flow  of  ateaa  and  water  ie  ae 
adjtteted  that  It  takea  approzlasately  thirty  aioatea  for  the 
Unperaturo  of  the  vater  to  go  frora  one  extreae  to  the  other* 
ftaa  one  oycle  le  ooaqc>leted  every  horn*. 

In  order  to  obtain  a  better  Idea  of  the  effect  of  the 
water  In  tha  bath  on  the  apaolaena.  It  ttfaa  thoa^t  advlaable 
to  enbject  r.art  of  the  apeotwene  to  the  aaoM  bath  with  the 
exception  that  distilled  water  be  sabetltatad  for  the  tap 
water*  ?hla  waa  aoTOapllahad  by  building  aoppar  tabes  which 
eoald  be  plaoad  directly  Into  the  bath*  The  tabes  were  sMide 


tk  iB*  in  di«Mt«r  and  86  In*  long,  ani  w«r«  oXo««4  at  ont 
•nd  only*  ISa«h  tab*  was  aqulppaa  wltb  two  mmXI  hoaa  ooimao* 
tlone  pXaoad  1  in*  frov  aaoli  and.  Thraa  tabaa  «rax»a  nada, 
aaah  baing  larga  anoagb  Ui   bold  six  2  by  4  la.  cyllndera* 

Tbm  wp99tmmB  m9r9   plaoed  In  tha  tubas  azkd  rabber  atop* 
para  iitcartad  ta  tha  opan  ende*  ?ba  tnbas  were  than  oonaaot- 
ad  In  parallal  to  a  large  bottle  of  dltstillad  «atar,  uad 
placad  In  tha  aatar  bath.  The  dlatlllad  mtar  vaa  allowed  to 
flov  throat  tha  tabao  at  tha  rate  of  about  1^  gal.  par  tuba 
•fary  day. 

Tha  peaeibillty  that  part  of  the  Una  mlig^t  be  leached 
oat  of  the  apeoiaens  by  the  above  treatflMnt  waa  aaggeated, 
and  in  order  to  detaralae  frhather  thie  vera  tme  or  not  three 
nora  copper  tnbaa  vera  ballt  of  the  same  dlmnaloaa  as  thoae 
aDOTO  bat  wlchoui:  the  hoee  oonnec  tlone.  Cyllndera  vere  aere* 
ly  plaoed  in  those  tobee  and  tha  reaalnder  of  the  i^paaa 
filled  with  water:  then  a  So.  18  rabber  stopper  waa  Incertsd. 
In  order  to  allow  for  the  expanelon  of  the  water  la  the  tuiae 
While  belog  beatect,  it  waa  naeaaaary  to  make  a  aoall  hole  In 
the  atopper  aad  oemiaet  this  with  a  aaall  raaerrolr  by  aaana 
of  a  rabber  tabe.  The  water  on  theee  apaoLmena  remained  an- 
obaagaa  throogboat  tba  taet. 
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4W»M»t»«  for  tJM   Pefwiliiatlon  of  th^  Ff  Limy,  Tli« 
•Icofaol-glyuerol  astbod  for  klM  dttoralnatlon  of  tb«  11  :i#  vas 
oboe  en*  ftad  tk«  proceAare  as  outllaod  bj  Lerob  and  Bi»0i«  (I7j 
vat  follovad  vlUi  a  f«v  mioor  obangwa* 

Tba  apparatus  need  for  tbts  detaratnation  ooasistad  of 
a  ataaa  Wtb  with  apecas  for  four  flaaka*  Tba  ref lax  ooa- 
daaaar  aaad  for  tba  axtraotton  was  a  46  ea*  laair^^  o<  6  ■•» 
glaas  %abla«»  Oork  etoppara  wara  aaai  to  coimaot  tba  flaah 
to  tba  oondaaaar* 

In  ordar  to  do  away  «itb  tba  naoaaaitjr  of  raiaovlng  tba 
condaoaar  fron  the  flatfk  ^iwvry   ttaa  a  titration  aaa  to  ba 
aada  aa  vaa  outllnad  bjr  tba  atandard  aathod,  a  bnratta  waa 
attaobad  to  eacb  IndlvLdual  flaaic*  A  b   ca«  laogtb  of  uap- 
lllary  tabln$*  serred  aa  a  tip  for  tbe  boretta  and  at  tba  aaaa 
tlaa  oreventafl  an  nnftna  atsoant  of  tbe  titrating  solution 'a 
balng  »aanaa  oat  oi  tbe  tip  by  tbe  rafluxlog  liquid  during 
tba  axtraotlon  period* 

In  order  to  protect  burattaa  and  aolntlon  In  tb«a  froa 
tba  baat  of  tba  ataaa  batb«  aavaral  lajora  of  hm^fy   oardboard 
wara  placed  OTor  the  top  of  tbo  bath.  Holaa  were  cut  la  tba 
oardboard  Juet  lar^e  anoagh  for  a  260  ml*  arlanaa/er  flask* 

In  aplte  of  tba  precautlona  aoaa  baatla^  of  tbe  burettaa 
and  aolatlona  oocarred,  bat  aa  exactly  tba  aaaa  oondltlona 
pFeratled  daring  tba  atandardiaatlon  aa  daring  autoal  dotar- 
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mlisatloas  «qr  error  wbloh  laiglit  bmre  ocoarred  dae  to  volns* 
oisaostt  sbottld  have  b«dn  oompmtma%96  for* 

A  cl«tt{i    «lilt«  to»ol  WW  pl«o«d  •ntlr«Iy  0T«r  tb9  top 
of  ih«  6t«Mi  hmth  to  provt««  •  wbltt  baokgrosnA  a«ftla«t  vMak 
to  ■•!£•  tbo  titrations.     An  •l«Gtrlo  llglit  «»•  plac«d  SQttare* 
ly  ov«7  th«  uent«r  of  tbe  etMHi  teth  MUeb  greatly  faellltat* 
«d  tbo  detection  of  the  end  point* 

^^•»»t^  SSatL  ^M\^  SmlsaSEi*     C^rlndlnj?  eqalpoent 
o€Nieieted  of  a  mmII  Jew  oraetaer,  e  ^fwrn  i«lirerlser,  and  e 
oneoqoart  poroelala  pebble  ulll.     ^teol  balls  were  need  In 
^e  Bill  In  plaee  of  tbe  meaal  porcelain  onos* 

Cbooelng  the  OeoMnte 


?r 


^on  ooHMrelal  oeMiite  were  available  wboee  obealoal 
aaaljale  and  coi^poand  ooo^poeltlon  pretty  well  cover  the  range 
for  Portland  oeaante*  Oat  of  tbese  ten  oeseats  tbree  were 
oboaeB  wboae  olMMloal  aaalyele  and  ooapouoA   ooapoeltlon  aa 
deteralaed  by  tbe  Aeb  Orore  Cesent  Coa|>any  of  Cbannte,  Xmim^ 
are  given  In  Table  2«  These  three  were  otesen  becaaee  tbey 
represent  hl(^«  low,  and  IntenMdlate  lloM  eeaents.  and  also 
beoaese  there  wae  eaeb  a  wide  variation  In  the  Z>QaO*iHQ^  ant 
8CaO*S102  oontent* 
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T»1il«  2«  Chemical  Analysis  and  Cocspoand  Coaqprniitlon  of 
Cements  InTeetlgated. 


Ho,    6 

Ho.  9 

Bo.   10 

SlOg 

BUdep 

S2.10,i 

19.68^ 

A1203 

5,23 

6.42 

5.90 

'•29s 

4«51 

5.22 

2.26 

CaO 

61.36 

58.45 

67.16 

MgO 

3.99 

2.80 

l.OS 

SO3 

1»?8 

1.96 

2.04 

loss 

las 

3.66 

2.52 

Total 

99,39^ 

S9.61^ 

100.  58;^ 

Insolable  resldne 

•  07:t^ 

.23^ 

.08^ 

Treo  CaO 

#15 

.42 

2.01 

Ca304 

8.90 

3.30 

5.60 

4CaO«Alg02*Fe203 

13.70 

15.80 

6.80 

SCaO'AlgOg 

5.16 

6.05 

11.70 

2Ca0.3l0g 

31.50 

46.50 

5.60 

SCaO-SlOg 

39.50 

19.00 

67.50 

Preparation  of  Specimens 

rrellialnary  tesat  plecaa  were  made  of  the  high  line 
(Ho.  10)  and  the  low  lima  (Ko.  9)  cements  In  the  form  of  2  by 
4  In.  cylinders.  These  cylinders  were  laade  of  cenent,  iCaw 
RlTer  sand,  and  |-  In.  llmeatone  a^cregata  In  the  ratio 
l(2»36i2.95  hy   weight.  A  water/cement  ratio  of  6.76  gallons 
p«t   saek  of  oemeat  was  usea.  The  cyllndert-  were  reaored  from 
tha  w>14t8  at  the  age  of  one  Aaj  and  placed  In  the  aolst 
closet,  which  Is  malntalnei  at  70®  F.  At  the  age  of  28  duya 
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part  of  tiMa  wers  plaottd  in  thd  opan  wat«r  batb,  «hw«  tli«y 
w«r«  snbjttoted  to  heating  and  oooling. 

Th«8o  cylintfere  wti-o  teetod  for  Free  Ltss*  at  ••v«p«l 
•9t8«  and  d<iapar«4  urith  tht  apcolEMae  which  bad  not  liaan 
plaoad  in  the  hath*  7h«  results  of  thoaa  teste  indicated 
that  the  lime  «a«  inoreaalng  la  aooaat  rapidly  aiioa^  that 
the  ohaofl^e  ooald  he  detected  over  a  period  of  sevtral  ««iAc«» 

After  the  resalt^a  of  the  Free  Liae  determinatioaa  on  the 
first  aet  of  apeolBeos  were  obtaine4»  auothor  set*  oaBeli.i.. 
of  twentjrofour  speoiaene  of  eaish  of  the  three  ohosen  oer    , 
was  MUle*  The  saae  sand  and  skms^g^t*  were  aeed,  hat  the  aiz 
toA   water/oeaent  ratio  were  ohanged*  The  na..  mix  vvaa 
lt3,34tl«96  and  the  w/o  ratio  wae  5  U*  3»  gollona  prnt   fiaulc* 

The  cylinders  were  aade  twelve  at  a  tine.  ?hey  were 
r«9B0ved  troa   the  aiolda  and  placed  in  the  xaoiat  rooai  ai  tho 
Age  of  one  day* 

At  the  aim  of  fanrte<ja  days  all  but  aiz  cylinders  of 
each  oaseat  aere  rumored  from  the  laolst  room*     Those  rwtoved 
were  disposed  of  ae  follows t  six  of  eaoh  owaeat  were  placed 
in  the  open  water  hath{  six  of  eaoh  eenent  were  placed  la  the 
sealed  tabes  with  no  provisions  for  ohanglag  the  water  on 
the«i  aiz  of  each  oeoent  were  placed  in  the  water  change 
tabes  described  previously* 

At  a  later  date  the  third  set  of  speoitaene  wae  nade,  for 
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th«  purpose  of  a«teTtiilitlag  the  rato  of  foraiatlon  of  the  liiM 
•114  the  rate  of  oonblnatlon  of  the  oemont  with  water  at  «ar2y 

T»«ity«fottr  IndlTldnal  spaotMna  were  taada*  alpht  of 
•aoh  oaaant,  aatag  the  ideatlcal  alz  and  »/«  Jwtlo  used  la 
the  prerioas  set  of  epaolaane*  "^e  oanent,  8and«  and  aisfra* 
gate  for  eaoh  spaaloien  were  weighed  aaparately  and  plaoad  In 
a  atx<*<ranoe,  friction  top,  tin  olntmant  box,  Tha  ooostlta- 
aata  were  then  thoroughly  mixed  with  water  which  waa  added 
frOM  a  barette.  The  llde  were  plaeed  on  the  oane,  and  theiy 
were  aet  aside  until  the  tliaa  of  testing,  Om   hondred  ^jrame 
of  aaterlal  wm  aaed  for  eaeb  opaolmin*  ?liaee  apaclBans  &ere 
ttot  sabjaotad  to  the  beating  and  cooling  test. 

Prooedare  and  Hasalta 

Wbaa  a  apeclwaa  ted  raaohed  the  age  at  whloh  It  was  to 
be  tasted.  It  was  placed  In  the  air  oren  maintained  at  120  to 
ISO®  G,  and  drlad  for  a  period  of  not  leaa  than  twenty-four 
hours.  It  was  then  put  throui?h  the  jaw  omahar,  and  broken 
Into  about  one-fourti5  Inch  pleoes*  These  ware  next  mn 
tfcroagb  a  aoall  iiraan  palTerlssr,  which  reduced  the  site  of 
the  pieces  to  paaslng  a  So*  88  aiesli  sieve* 

The  ea::tcle,  whloh  weighed  approxlonteXy  450  graas,  was 
then  qaarteroa,  and  oae*foarth  of  It  wae  place<!  In  the  pabbla 
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Mill  and  ground  until  It  would  ItX^  ptktm   e  'lo*  125  aeeb 
8or«eii«  Th«  tma^lm  «mi  again  dried  for  a  pio'iod  of  an  hour 
or  we»9,   and  place;^  In  a  protierl^  labalad  bottle.  For  the 
f^aa  Una  datarataatlon,    n^i-ui:   -r  t'r.i'.:   ^--x-^: ic   >r\i   v^al  rhr<^ 
and  ti*ttn8fQrrad  to  a  S50  tal.  arlanaayor  flask.   Ixt:^  oo«  of 
tha  alcohol -p-ljce^ol  isolation  is?«ra  addad,  and  If  anhydroac 
BaClg  wm9  uaad,  approxtaately  1  grmm  «aa  added*  Tbe  condenso 
er  and  burette  vrm  attaeHad  to  tbe  flaalc,  wbleb  wfae  than 
plaood  on  the  steaa  bath.  Aa  ao<m  as  an  appreolable  pln^ 
oolor  developed  It  waa  dlaoharged  with  the  atandard  a«aOQlam 
auetate  eolation  frctt  the  barotte*  ^en  the  pink  uolor 
iNllad  to  retam,  the  barette  was  read,  and  the  llBe  Talaa 
oaloulated  from  the  titration* 

Tha  aMKMtiva  aoctate  solution  «a«  standardised  with  pars 
ll«e,  prepared  by  heating  .2  grm.  -^  ^.  *  CaC03  at  SOO-IOOOO 
C*  to  constant  weight  In  a  platltmai  cruelble.  The  aruclble 
sae  oooled  and  anlokly  selehed  «rlth  the  cover  on.   rho  llroe 
was  then  transferrea  to  an  erlensieyer  flasc  ana  treats^ 
svistly  in  the  aamisr  dssorlbsd  abore. 

Solutions  for  the  S^ss  Il'ne  aeteralnatlon  were  prepared 
from  abeolutQ  alcohol  ande  by  reflating  95;-  ethyl  alcohol 
with  quick  ll-ae  In  the  ratio  ^f  390  grawi  of  llae  to  each 
liter  of  alcohol.  After  the  reflsxlng  p«rlod,  the  alcohol 
was  distilled  off,  and  was  again  treated  with  lUw  and  re* 


% 


to 

flax«d  for  eose  tl««*  Tb«  alcohol  was  again  aistlllad  off, 
•ai.  «as  prot«ot«4  froa  laolat  air  b^  tabes  of  OaOlg, 

I* tar  a  omaMrelol  '*rad«  of  abeoluto  atbyl  aloohol  was 
«»«4*  7hl8  aloohol  t«8t«d  99*87^  water  freo*  Ifo  dlfferenoe 
In  raanlts  ooald  ba  dat«eta4  batwaan  tha  two  aata  of  aola* 
tlona* 

?ha  alcohol^glyoorol  eolation  me  praparad  bj  (alxlnir 
absoluta  aloohol  and  C.P.  glycerol  In  the  ratio  of  fire  to 
one.   ^o  this  aoltttlon  2  al.  of  a  pi:en3ipxitfaalaln  solution 
prepared  by  dlesolvlng  1  graot  of  phanolphthaleln  In  100  oo* 
of  absolute  aloohol  ware  added  for  every  liter  of  Bolntlon, 

Thm  amaonloa  acetate  «ra@  prepared  by  dleaolTlng-  i&  graaa 
of  C«P.  aflHOaltts  aoatate  In  1  liter  of  abaolate  aluobol* 
This  frlTea  a  aolutlon  of  which  1  co,  la  approotlaataly  eqaal 
to  4  006  greoBB  of  CaO« 

The  first  group  of  epeolaene  wmi  aaed  for  the  aaln  part 
to  determine  i*h«t:v«^  fv^  tentatlre  aodlfloatlon  to  the  Prea 
IUm  aethod  ae  sa^eated  by  i^randenburir  tX9)  ooald  be  aoo* 
oeaafnlly  need. 

T^e  otment  aaa^las  were  analytad  '*'>?•  Tr^m  Ltaw  botb  with 
and  without  the  addition  of  BaCl^,  Different  Una  Talaaa  are 
shown  for  the  oemente  becaaae  they  were  atorad  nnder  different 
conditions.   art  of  the  cement  waa  In  air  tight  cane,  while 
the  reaalnder  waa  stored  away  In  a  dry  place »  but  unprotected 
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fro*  th«  air.     Th«  oamontB  whloh  were  tts«d  In  Hilclttff  %h* 
Bp%olmnm  ««r«  takon  from  large  oaiM  with  loosely  fitting 
oorars  whtoh  aid  not  proride  protection  of  tba  owaent  froa 
the  alr« 

In  all  oas«0  irtMora  BaOlg  trae  addod,    tba  asMMint  was 
approxi?»tely  ono  praw,     kpp»r<^tJ"  some  carlxmatlon  had 
taken  plaoa  In  thoce  uamentB  whic  rot  proteotod  froM 

tho  air,  ae  aliown  by  the  lover  reealta* 

Table  3«  A  CoaqoaratlTe  nadyela  of  CeMenta  lioa*  6,  9, 
and  10,  3ho«lng  the  Effect  of  the  Oondltlona 
of  otorage  and  the  Uee  of  BaClg* 


CO!n?ITIOB  OF  8T0nA03 

BaClg 

?n^  LIM.;: 

10 
10 
10 

Ui^roteoted  from  air 

"t                  T       It 

Saaled  aaii 

Bo 

Yea 

Bo 

1.85 
£•£& 
S.08 

10 

10 

6 

Sealad  oan 
Unproteoted  frooi  air 

CeMBt  Co.* 
•aalyaia 

Yee 

2*01 
8.41 

t 

Ui^prot4K>ted  frora  air 

Tea 

0*60 

9*ble  4  givea  tbe  reaultu  obtained  on  the  first  uet  of 

uonoretea.  whlob  vere  aade  froa  oanente  l.'o.  9  and  Ho.  10 
with  a  «ix  of  l:2.36r!>.95  by  velght.     The  m/o  ratio  wac:  C.7o 
u»  iim  gallona  per  eack.       hie  group  ot  apeoiaeoa  «m  plaee« 
into  tbe  opoa  water  bath,  and  waa  not  proteoted  froo  the 
vater  In  any  aa^r* 
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ftebl«  Am     (kMv«Mttv«  AMOyMe  of    onoretoB    tads  frov 
C«BtBt«  lo»*  9  •aA  10  for  Hot  Pre^  U**& 
Shovtiiff  tb«   !:ffeot  of  the  Condltloa  of  7lreftt<* 
BMit  Prior  to  ?Mt  and  the  Use  of  BsClf* 


10 
10 
10 
10 
10 

9 
9 
9 
9 
9 


5oin3i?ioBs  OF  Tsskfams   Bacig  J0^i»     :t' 

C«0     CaO 


M  ia»  IB  aotst  roos 


Bo 


88  4a«  aotst,  7  la  bath  Bo 

88  da«  aotat,  81  la  tetb  7«b 

86  Aa*  MOlst  1» 

88  4a«  BOiat,  7  la  Imth  io 

•*  Taa 

88  da.  taolBt,  21  In  batli  7«8 


8*36 

S«69 
S.67 
S.76 
3.U 

0*70 
1.06 
0*85 
1.08 
1.17 


2.33 

,  1 

^•40 

S.78 

0.80 

0.98 
0.75 
0.98 
1.07 


Tba  oat  Fraa  Llaa,  prodaeed  by  raaotion  with  HgO,  «u8 
aaloalated  by  sabtraottng  tho  par  cent  of  Itiaa  vblelk*  Aooord* 
ia^  to  pravioaa  aalualatloaa*  was  la  tba  apaaiaaaa  baforo  ttm 
watar  aae  addad.  Thia  Introdaoaa  a  am&ll   error  baaaaaa  tba 
valaa  for  origlaal  ll»a  ta  baaad  on  tba  dry  «alf?bt  of  tba 
lagradlettta«  abaraaa  to  be  correct  tt  ahoald  ba  baaad  on  tiM 
valgbt  of  tba  dry  tagradlentt^  plas  tba  uaigiit  of  watar  oald 
in  oombtaatloa  at  tba  tiota  of  tho  taat.  ^aavar,  no  adacpata 
proTisloa  vaa  aada  far  tba  datarainatton  of  tbe  ocMibinad 
watar  in  thia  or  tba  avxt  groap  of  apaoiiMaa* 

Tba  raaalte  abow  tbat  in  ovory  oaaa  wbara  BaClg  «aa 
addad  tba  CaO  coatant  «Ma  aasaabat  bi^«p  tbaa  tbat  obtalnad 
by  tbe  ataadard  aatbod*  Bovevar,  in  tba  oaaaa  wbara  BaClg 


WIS  sAAod  tho  ena   point  mia  ro«ctoed  In  upproxlnat*!^  otid* 

b«lf  th«  tine  required  for  the  etao^ard  aetbod*  Thm   BaClg 

addition  determinations  aXeo  haA  the  atT»at«fe  tlwt  after 

the  end  point  wm  once  reaohed  oontlnaed  bolllner  for  aeTeral 

hcmre  failed  to  prodace  any  rctara  of  the  plnic  ool'>r* 

fartlsor  teste  of  tlte  BaClg  satbod  inolodad  adding  a 

vaighad  aMMint  of  lima  to  aereral  of  tbe  aaapXee  and  tli«i 

deteralnlniK  tbe  total  lisa  from  tbe  titration*  Tbe  llae 

added  »aa  deteralned  froa  the  titratlcm  In  eoob  oaaa  o^   aab* 

traoting  tbe  aaoont  of 'llfsa  vblob  «aa  originally  in  the 

•aaple  of  oonor^ete*  naanlto  of  tbaao  dateralnatlone  are 

^ven  in  Table  &• 

Table  5«  ?ha  Aaalyaea  of  Conors tea  to  ^ieb  a  CnoaB 
AaottBt  of  line  utea  Agdad  aa  a  Gbaak  on  tbe 
I7ae  of  3aCl^. 

IMS  kSDW  m  Waom  LM  ABWJ  Ag  CALOPUgBP 

•lUO  gnoM  •1106  gpmm 

.1154   •  .1160   " 

.0630   "  .3751   " 

.0626   "  .0630   " 

It  aaa  foand  that  tbe  titration  depended  aoaairtmt  on 
tbe  aommt  of  BaCl^  added*  bot  tbe  irarlati<m  waa  not  enffl- 
olent  to  reqalre  the  aaoorate  val^blag  of  the  BaCl^  aaofa 
time* 

After  a  atvdy  of  tbe  above  data  it  «»att  bellared  tliat 
tho  aodifloation  for  the  Tree  Li^e  aatbod  (19)  eoald  be  aaad 


^ 


£4 


to  ftdvaatag*  io  tlM  a«t«ralQation8.  7h«  ttnM  factor  bttln^ 
an  laportaat  ob«,  «a  opportunity  to  ran  a  datarainatlon  In 
foor  hoars  vrbleh  ordlttarlly  roqalrad  eight  hoars  ooald  not 
h9  aaallj  overloolcod.   "ven  tboagb  the  rosalts  ar«  a  trlfla 
higher  than  those  obtalaad  by  ths  standard  method.  It  was 
believed,  as  Iraiidsabttrg  (It)  s«gt«8t8,  that  due  to  the  in* 
creased  sharpness  of  the  end  point  the  BaClg  addition  proo* 
ably  gives  reealts  nearer  to  the  trae  Talaeo  than  the 
staaiard  «ethod. 

A  ootaparieon  of  the  line  otmtmit  of  the  spseUMns  at 
the  several  ages  as  shorn  in  Table  8  voald  clearly  Indioate 
that  the  line  was  increasinf  rapidly  enoagh  to  be  detected 
by  the  glycerol  method  over  the  test  period* 

The  second  set  of  cylinders,  vhiob  were  aade  nalng  a 
mix  of  lta«34tl«96  by  weight,  and  w/s  eqnal  to  5  U*  3«  gals* 
per  sadc,  were  sabjeoted  to  the  several  different  methods  of 
treatment  in  the  water  bath*  All  speoimens  were  moist  cnred 
for  fonrteen  days,  and  the  ages  given  in  tables  refer  to  the 
age  of  the  spsoimsn  In  weeks  after  the  test  vma  began  in  the 
bath*  ?be  tme  age  woald  be  the  age  given  plus  two. 

The  reenltia  of  the  Total  Free  Lime  deterainaLio: 
given  in  Table  6*  daCl^  was  ased  in  msklag  the  ?reo  Lime 
determinations* 


Z6 


Tablt  6*     ?h«  Anftly0«a  for  Total  Fr««  LiaM  of  Coaoreto» 
]ii4e  from  CMMnts  8o««  6,  9,  &nA  10,  Shovlag 

tbe  >:ffeot  of  Ageing  and  Dlffwrfiot  fr««teMita 

in  tbe  u'ater  3a th* 


A02  lU 


1 

s 


7 


2 

3 
7 


Z8  OPSH 

WATBR  3ATH 


Ii;   3SAL3D 


2*065^  1.0l5(  S.08^ 


1.97 
1.90 
1.96 


1*91 
1*88 
l.f9 


8«03 
3*04 
1*96 


1*94 


fyf?  cao  in  09^^^^^  M^^^f  fm  9mm\. 


1«34^ 

1.89 

1*46 


1.39^ 

1.44 

1.46 

l.SO 


1.16^ 
1.50 
1*48 
X«S3 


1.29^ 
1.30 
1*26 
1.43 


Free  CaO  in  Oooorete  Mafle  froei  Cwwot  No>  10 


3«43 
3*46 
3«U 


3*89^ 
3.43 

3.T4 
3.48 


3«64:^ 
3.58 
3«3£ 
3«31 


3.48 


Tbe  reealtff  obtained  from  tbie  set  of  epeeixMiui  were 
diaappolnting*'    fhtff  Aid  not  •••»  to  bear  o«t  those  obtained 
froa  tbe  prellainarjr  set  at  all.     !?o  trends  ooald  be  obserteA 
vhaterer  at  tne  eud  of  eeTsn  weees  la  T;ne  uaui*     ^ou&iojiy 
thie  wee  dae  to  tbe  nanner  in  which  tbe  epeolatae  were  asAa* 
Vttdottbtedly  there  was  eone  error  introdoued  in  thie  Mumer 
beoense  with  a  Mixture  as  aon^luMBOffeaeeaa  •«  the  one  need  it 


^ 


Sft 


woNBia  b6  practloally  iniKHialble  to  gmt  tlMi  mum  aacmnt  of 
each  tngr«4llwit  lato  •aoh  oyllndsr  anloes  th^y  ««r«  mm(k9 
InaivLdoally* 

TlM  spAotaena  In  the  third  grott]i«  which  vers  vnAa  In* 
dlvttaftlljr  i»4  0Ml«d  in  oaos  tsnadlataXy  aftar  thtv  hsd 
b«Mi  mtsrad,  vera  taetad  for  lloa  ovar  a  parlod  of  otia  waale 
only*     Vhan  tha  aga  for  tba  toat  oa«a  due,    the  oonorata  «*• 
althar  dag  oat  of  tha  can  vlth  a  apatnla*  or,   if  It  «aa  too 
bard  for  thta,  ana  oraokad  np  by  atrUcing  the  bottoo  of  tba 
ana  with  a  haanar*     Tba  oan  anA  apaataaa  m^r*  plaoad  In  tha 
oraa  and  driad  for  24  hours  at  120  to  ISO®  C.     ?ba  aaanlo 
vaa  thoQ  walghad  and  af  tarmiird  ana  gnmna  to 
126  aaeb  alave,   jaat  aa  preTloaa  spaclaaoa  had 

Tha  resnltc  of  tha  Praa  Ilaa  datarmlnatlona  on  this 

sroBp  of  apaclaaaa  ar6  glTon  In     able  ?• 

Tabla  7«     Coaparattva  Data  on  tba  Fraa  liaa  lo  ConnratM 
Ualla  XttdlYldnally  and  Saalad  Inadlataly  in 
Cane,  Showing  tba  Sffaet  of  A^lng. 


SP3CI 

So. 

6 

SP3CIIIIW 
So.     9 

No. 

mm 

10 

AOS 
Iff 

HOORS 

TOTAL 

wmat 

OaO 

ffST 

FH15S 

CaO 

TOTAL 

yR3s 

CaO 

CaO 

if   .-*  - 

CaO 

1 
1 
3 

0 
0 
•06 

0 
0 

0 

.08 

•  08 

•  15 

0 
0 
•  04 

.36 

•32 
.49 

0 
0 
.07 

6 

12 

•18 
•  21 
•87 

•oe 
•n 

•80 
•  19 
•67 

•09 
.08 

•  75 
1.06 
1.80 

•3X 
.64 

1.58 

72 

1^67 
1.98 

1.61 
1^86 

1*20 
1.44 

i«09 
l»j»3 

2.&8 

5.1b 

3.56 
2«7« 

87 


TaWe  7  (oont#) 

Ho.     6 

TOTAL 

CaO  ' 

1««3 
X.M 
2.06 

2.06 


aO 
1.18 

1.19 
1.15 
1.32 


TOTAL 

CaO 
3*10 
3,S7 
3*34 

0.48 


I8f 

2.68 

2.94 

O.06 


i;o»     9  So.  10 

AS.-:  TOTAL       arsT  -'^""•^ 

HOima  CaO  CaO  CaO 

3  ik«,*  U93  l.et  1.29 

4  *■*♦  1.94  1.88  l.-O 
6  «K».*  2.06  2.00  1.26 

9jfke.'     2.06  2.00         1.43 

'"  j[  "  '  ' 

nt«M  rMBlis  vara  taken  from  tba  provlois  a«t  of 
•p«olBiQ«,  latiHT  tli4  data  obtainad  from  those 
oylindara  whloh  wera  stored  In  the  '^aolat  oloaet. 

?ha  a«t  rpaa  CaO  wm»  obtatoad  by  dobtraottng  the  Fr^^ 

CaO  which  «ae  In  tho  dry  Ingrodlonte  before  tba  addition  of 
the  water.     ?falc  upae  ealoalated  for  the  tbraa  oMMats  to  bat 
!?o.   6.    0.06,^1   Ho,   9.    0.11    ;       >,    1    ,       .  .      . 

Qttta  abowlag  tba  a«oant  of  water  wblcb  vaa  retained  by 
tba  Mme  0pMtflMaa  mhmk  they  were  baet^  at  120-130°     .  in 
an  air  oren  are  fflTen  In  ?ablo  8. 

Table  8.  Tbe  Aaoant  of  lilxiag  «»ter  Ratatnad  at  120- 
130°  C.  by  (vonoretea  Stede  from  Oasaata  Hoo. 
6,   9,   and  1),   nt     Ifferent    .gee. 


A  6^ 
III 

h 
1 
3 

IS 
84 
72 
188 


OF  »AT3J 


aoifE::?  lo 


.  J'3 

•  --^  -J 

•  t^  > 

•■.•«■ 

1.54 

1.86 


1.30 
1.04 
8.88 
4.96 

12.9 
20.0 
24.4£ 


.1. 

.bO 

.73 

•88 

1.89 

1.83 


J.  •  t> » 
1.04 
1.89 

G.SO 

10.14 

16.7a 

S3.80 


OSAIIS 
OP 


.20 
.43 
•  94 

1.33 
1.58 
2*58 
2*98 


UH 


6.60 


>a 


M/O 


A/o.6 


/Vo.9 


purf  I 

Tfyp /?(7fe  of /m:>x7//b/? 

of/fee///7e//7  Cb^or/^ 

Mx/e  fro/7?  Ce/??ip/?/s 

/Vos:6,9,o-/?cf/0 


O        /OO        /so       :200 

^ge  ofSpecme/7  //?  ffo^rs 


/ 

^A/a/O 

S;^       / 

^^^^^^H 

^^K^J^^^^B^^^^^^^I^^^^^^^^^^^^K^^^^^I 

^^^^^^^^H 

^^^^H 

^^^^^^^^H 

^^^^1 

r\y^ 

^A/o.6 

.%  >^  /^    // 

/ 

ofCb/7c 
Spec/'/^ 
Cp/?Pe/7A 

e/?s  /r?ac 

7 

i^e  fro/?7 
^a/pc/ZO 

^  ,1 

o         so       /oo      /so       ^oo 
/Ig^e  cf  Specie/?  //?  //o//rs 

sa 


Th«  p«r  cent  of  total  vwttr,  a»  ahown  In  Table  9, 
oalovlated  by  aiTl«ln«r  tb«  grasui  of  water  retained  by  tba 
total  wal^lit  (?•?  graauii  of  mixing  «ater  lUMd  for  «acb  apaol- 

men* 

Tlia  above  data  are  abom  on  riatec  I  and  II« 

Plata  I  and  the  aoooaqpaoying  dat;*  aoow  toat  the  high 
lloe  oaaente  undoubtedly  liberate  aore  Free  LisM  •ben  they 
are  mixed  with  eater* 

It  waa  noted  that  the  Free  Lime  cunrea  bad  beooae  alooat 
horizontal  at  the  early  age  of  one  weak,  but  the  ourYea  ebow 
Ing  the  rate  of  ooablnatlon  with  water  were  etlll  rlalng 
fairly  rapidly  at  this  time.  ?he  water  which  wae  being  takoa 
on  aftor  the  rerlod  of  one  wertc  «iat  be  due  to  hydration 
reactions  ratcer  thau  hydrolyela. 

The  data  Indicate  that  la  none  of  the  apeolaene  waa  llae 
liberated  before  a  time  of  about  three  houra  \mA   elapsed* 
bether  tbla  baa  any  bearing  on  the  tlae  of  eettlng  la  not 

Icnowa* 

The  setting  tiae  of  tho  three  oeaente  le  given  in  Teble 

9* 

Table  9«  Tiae  of  Setting  of  Ceaente  Boa.  6,  9,   and  10. 

CiaiSBT  aSTTIITG  TIM  J  Vi  HOaRS 

mmsm  ibitial  fiml 

6  4t00  6tl5 

9  2*86  6} 30 

10  1«45  St  30 


An  Interesting  obserratlon  arose  from  tbe  calculation  of 
tlie  aaomit  of  lia«  left  In  combination  In  the  o«B«iit«  after 
a  period  of  one  we^«  This  ealcalatlon  «m«  aade  by  first 
subtracting  tha  original  Free  Lime  and  the  llae  held  In  ooai- 
bloatlon  a«  CaSO^  frcaa  the  total  liae  In  the  ceseata*  Thle 
«»«  done  becaaee  It  la  definitely  lc:no»n  that  those  compoande 
do  not  liberate  lioM  when  they  are  wetted.  Then  the  Free 
CaO  produced  by  the  reaction  waa  calculated  over  to  the  per 
cent  Free  GaO  In  terofi  of  the  cement  and  eubtracted  from  the 
total  CaO  In  the  cement  aa  determined  by  the  ehealoal  analy- 
sis. Thle  glTea  the  amount  of  CaO  ressalnlng  eli«elcally 
combined,  aa  ahomi  In  the  following  equatlona: 

So*  Total  *  (C^aO    +    Fret  +  Bet  Free)  »  %  oomblned  CaO 
CaO   (  In  CaSO^    CaO     CaO   ) 

6         61.36  -  (1.20       +  .15  +10.06      i  =  49.965^ 

9  68.45  -   (1.3?        +  .42   +       7.E0      )   a  49.46}^ 

10  67.15  -   (1.43        +  2.01   +     14.91      i   a  48.8(^ 

«7hether  or  not  this  vaa  aerely  a  colnoldenoe  la  not 
known,  but  If  further  oxperlmente  should  bear  out  vh&t   the 
results  above  Indicate  It  wcmld  be  a  simple  matter  to  calcu- 
late the  per  cent  of  hydrolyate  of  each  of  the  ocNqMranda  In 
the  cement.  It  reaalBe  a  etrl^lnir  fact  that  three  oemente 
▼arylng  aa  vvldely  aa  the  three  a  tad  led  do  In  both  chemical 
analyala  and  eoaqt>OQnd  composition  ehould,  at  the  end  of  one 
weeic  after  being  mixed  with  water,  approach  a  atate  la  which 
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tb9  tttEM  awKtnt  of  11b«  wmi  hold  ohetaioally  coabtnsd  In  all 
tlirta* 

It  bad  b««o  hop«<*.  tlMt  thQ  l«ngrth  of  th«  t«et  aoaia  bo 
snfflulent  that  the  0p«oim«a0  pltt«ied  In  tha  open  «at«r  Irath 
woBld  show  OTldeaca  of  oraolcLag,   and  that  aoeie  thin  aeotlons 
oOQld  bo  isAde*     Howarer,   at  tbo  dato  of  writing,   none  of  tfaa 
Bpaolaans  ahrma  any  erldftn;^«  of   iraoi:.'',  epeoiaene  all 

shoe  &oma  carbouutic  ,  o*   l->  sbowiog 

tbie  tb«  SK>at  ae  would  peotc   .  :>•  9  the  least. 

It  tras  IntcrcPtln  ite   *  Irao  deter.-ain- 

atlOBs  at  ti  in  cnr  'oup  of  spaelaana 

ehowed  ae  2Sjm  even  wh&n  Ba:?!^  was  addod*     Tbaoratlcally* 
ther*>  wn     Hnfiolent  llae  pyepont  for  s  very  aoall  ( •!  to 
•  S  00*/   tltr^itlon  ta  aevaral  oasee,   bat  mlth  the  Indtuator 
aaed,  ao  aiaaXl  a  titration  vvoald  not  be  anfftol«at  to  ehow 
any  ohi»e«*     ?hi8  woald  ladiuate  that  the  BaClg  was  not 
ccutslttg  eosM  llflM  to  be  liberated  fros  the  oeoeat  coapowidG 
which  wottld  aojonnt  for  the  high  reiJult.    f-rlven  by  thie  acth- 
od» 

"^bmk  BaClg  vaa  seed  no  dlffloaity  Drhaterer  wae  emioun- 
tered  in  obti^islao:  oheoice  on  dapXlaate  detenslnationa. 
^?ar»ly  did  du^lljatee  fail  to  cheolc  within  #2  oc,  ar^    I- 
«»»y  eaeee  obeoka  were  obtaine"^  with  no  aasre  than  tOb  c*o* 
difference  betwewi  two  determinatione* 
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Concrete  speclaene  w«r«  isade  of  three  cements  rarylog 
widely  both  In  chemical  analyslB  and  ooapoaad  eoiq?08ltlon. 
These  specl-aeriL  ..ere  au^x^zoA   for  FTee  time  hy   the  alcobol- 
glyoepol  anmonluQ  aoetate  ■•thod  at  several  ag«9  and  aader 
different  conditions  of  treatoent  prior  to  the  fr««  CaO 
detonalnatlon^* 

Data  and  raealte  are  given  which  shoa  that  after  a 
period  of  one  w»^  nearly  sll  the  "JYee"  lime  bae  been  lib* 
erated.  but  that  the  speoUMiia  ore  still  combining  \alth 
watar  fairly  rapidly* 

Specimens  which  were  eubjectecl  to  alternate  heatlna-  and 
cooling  la  a  water  bath  showed  no  acre  llae  at  the  end  oi' 
seTen  waeke  tharx  did  those  epecltaena  wlilch  were  in  the  isolst 
room. 

Calculation  ehows  that  concrete  epeclaens,  swide  axactly 
allfce  In  everrthlnsr  but  the  ceraent,  at  the  agre  of  one  we^ 
all  contain  nearly  the  aaae  aaoant  of  lime  In  ^hanlcal  cosa* 
blnatlon,   Vhcther  any  slfmlf Icance  can  be  attaches?  to  this 
fact  has  not  yet  been  determined, 

Reaalts  are  glren  which  Inaioate  that  tho  nee  of  a^Glg 
(anhydrous)  to  expedite  the  Free  Ilrae  deterilaatloriS  do»s 
not  liberate  llae  which  would  otherwise  remain  In  coaStlmn* 
tlon. 
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Tbe  sathor  «l8b«8  to  ai^noiilcdge  tb«  ti^o  aoA  eagg«8« 
tlotts  given  him  In  the  direction  of  this  r«8oaroh  by 
Prof88eore  C«  B«  Scboler  and  ?•  A*  Tan  ^liiicla* 
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«0«896-7.     19.:l.      CliMi«  Attracts  S&t526e«     I 

(4i  ^Boyaaairi,  £• 

Hydration  of  oalciwa  alastoata  tn  Portland  owaaot* 
l^aoant  20i968*7^.     1931.     Chaia.  Abatraeta  86i3g95« 

i«5a, 

<6)     Oo1oq;«    .-;•   -T.   an^-l    .  nadar,    T^,   L« 

An  Invctjclrution  of  the  oonstitatlou  of  f'ortlaiid 
oettant««**»       nlambla  JniT.  OItII  Mgr*  Teeting 
lab*  3b1«  4.     122  p.     1921. 

(6)  Laroh,  9b«  and  Bofmo,   H,  H. 

The  fcydrf%tlon  of  Portland  coaent  corapoanda*     Ind» 

and   3n.-r,    ^>#%"i,      »6«827»47,      1234. 

(7)  *Bof«aaii«  &at&uso 

fba  liytratio  ortland  oaisent*     Japan  3oc« 

Cbeau   Ind.,   Joar.     .'57te43*9«     1934*     Cbeo* 
Abatraota  26t695X.     1934. 


(8)  Barlce. 

th*   daatraotlon  of  hydraalle  o«aant&  by  Um  aotloa 
of  alkali  ealta.   Montana  A0r«  C'^l.  'ixp*  ota* 
Bal.  81*  131  p.  1913. 

(9)  *Bradjr,  »•  L. 

Modlfioatlon  of  tha  pbyaioal  properttea  of  caaant 
prodnoad  b^  oarbonatton*  Oaaant  and  CasMit  llfr* 
4 til 06^*  1931*  Cbaa*  Abatraata  S6tl08a.  19S8. 


34 


(10)  *»Mt«r%«rg«  0.  

fh9  4»terloratlon  with  »g«  of  oonorot«  gravity 
Cmmi*    FlrBt  IntePttfttlOTwl  OoofprmB  on  T4ff««  * 


Qowitlon  1  A*     Rpt.  3.     83  »•     Stockholm.     1933. 
Chom*  Abetrftote  Set4866«     1934. 

(11)  *TlM»rf«Idsoa,  T.  .      ,^  ^         *     .  ^  a^*. 

3taAlM  on  tb«  aotlon  of  sulfate  wat«y»  oa  Port- 
land OMient.     Canada  Jonr*  Hesearcb  6t4e&l}17* 
1932.     ClHm*  Ab« tracts  36i4691«     193 1^* 

(12)  *?robatd,    :•  Mid  Borach,  Karl 

Ai;tlors  of  ch«aloally  active  i-  me  on  eaaante 

and  aortora*     Zaaant  18«89S-e.  -^"^.^     19?!9. 

Ch«s*  Abatraeta  «3t4?91.     1929. 

(13)  *?anl,  Ira  .  .,_^  ,. 

:oi.;retc  -ix-^-oit  fallureo  duo  to  nlgb  ll«a 
..  c  t..  ■  ^rr.  ..^■.  ^  :u-cord  llOi 212-13.  193S. 

(14)  *Roeohar«Iand»  A.  >,  

Caaaaa  of  erarablla.^  oi  b-la-nlnons  eaflMBta*     ^^aaonv 
S0il64.     1931»        he;.    Voitraotii   S6(4676«     1931* 

(16)  *H!Baij  ,         ,„  „.^     ,«,,, 

jr.  f^arasslce  o'kj.,    tYani^.  1?:720.     191^ 


(If  roh,     as.  and  Bogaa,   F?.  11. 

Datar^lnatlon  of  ancoablned  llaa  In  lortiana 
oaioant.     Ind.  and  ^ngr.  Chaa.  13s7:i9.     1926. 

(17)  Laroh.  ««»  and  Bogaa,  n.  H, 

Barlaad  proaadurc  for  the  dataradnation  of  anooa- 
blnod  liaa  tn  Portland  eaiaant.     Ind.  and  Sagr* 
Ck««*     AfHOjt*    :^.   "^s^«»6.      19S9-30. 

(18)  Hodt,   Von  7.  ^  ^ 

?h«  daiaitttoatlon  of  froa  llwa  In  hydratad  oaaant 
and  oasant  traaa  alxtares  [In  3anHuiJ*     Savant 
23i429-S5.      1934. 

(1&)     ftPMidaaftarg.  R.  «•  _      ,^  ^^^ 

A  taetatlva  «odlfloatlon  of  tba  fraa  XiM  aathod 
for  l^ortlaad  oanant.     !?ock     '«>'«nota  »4tde«t« 
1931* 


96 


(20)     B«M«r»  0*  &• 

Tb«  «ctliHitio&  of  fr««  IjUm  in  8«t  eMMntt* 

(SI)  ^oaMPMMkl,  J«  «M  X.iilaiM«ttlg«     • 

71m  iphetiol  sethod  of  determLnlog  ?r«a  CftO  maA  ita 
applloatlon  to  tli«  lavectlgatlon  of  c«aB»nt« 
Bpi«aa^8X  ClMa*  iet«8*9*     I933.     ab#a«.  Ibvtracttf 

86 1 6  .97.     1938. 

'^Igittftl  not  •••lU 


WNSAS  STATE  CCLLEG:  LIBRARIES 


